Abstract The purpose of this paper was to investigate patterns of demosponge distribution along gradients of environmental conditions in the biogeographical subzones of the eastern Mediterranean (Aegean and Levantine Sea). The Aegean Sea was divided into six major areas on the basis of its geomorphology and bathymetry. Two areas of the Levantine Sea were additionally considered. All available data on demosponge species numbers and abundance in each area, as well as their vertical and general geographical distribution were taken from the literature. Multivariate analysis revealed a NW-SE faunal gradient, showing an apparent dissimilarity among the North Aegean, the South Aegean and the Levantine Sea, which agrees with the differences in the geographical, physicochemical and biological characteristics of the three areas. The majority of demosponge species has been recorded in the North Aegean, while the South Aegean is closer, in terms of demosponge diversity, to the oligotrophic Levantine Sea. The number of studies in the Aegean and Levantine subareas was positively correlated with the number of species recorded within each Aegean subarea. Demosponge species with an Altanto-Mediterranean distribution prevailed in the Aegean and the Levantine. The reduced contribution of the endemic component, as compared to the western Mediterranean, is consistent with the general NW-SE decrease in the number of endemic species in the Mediterranean. Demosponge distribution at the order level showed also a NW-SE gradient, similar to that observed in the entire Atlantic-Mediterranean region, suggesting a warm water affinity. Sublittoral, circalittoral and bathyal zones were clearly distinguishable in the Aegean Sea on the basis of their sponge fauna. The total number of species was an exponential negative function of depth.
Introduction
It is generally accepted that the Mediterranean Sea is one of the world's most oligotrophic seas. Conspicuously, it harbors somewhat between 4% and 18% of the known world marine species, while representing only 0.82% in surface area and 0.32% in volume of the world ocean . The eastern Mediterranean, and especially the Levantine basin, is considered as the most oligotrophic Mediterranean region, having a much lower trophic potential than that of the western Mediterranean (Azov 1991) . The diversity of the Mediterranean fauna exhibits a west-to-east decline (e.g., Fredj et al. 1992) with the western Mediterranean supporting about 87.1%, the Adriatic Sea 48.9% and the eastern Mediterranean 43.1% of the total Mediterranean species. This gradient has been more or less confirmed by several studies on certain benthic groups such as decapods (Koukouras et al. 1992 ), prosobranch gastropods (Koutsoubas et al. 1997) , polychaetes (Arvanitidis et al. 2002) and anthozoans (Vafidis 2002) . The Aegean Sea, however, being the second major sea of the eastern Mediterranean after the Levantine, does not seem to follow this general trend since it supports higher species numbers than the latter and the Adriatic Sea. This strengthens the necessity of a clear subdivision of the eastern Mediterranean, separating the Aegean from the Levantine Sea as pointed out by Por (1978) .
Until recently, our knowledge about species composition, abundance and diversity of the sponge fauna of the Aegean Sea was scattered in a number of publications. Voultsiadou (2005) reviewed the existing information on the Porifera of this area and provided a checklist of the Aegean sponge fauna including 200 demosponge species. Levantine demosponges are known from a restricted number of studies carried out on the coasts of Egypt, Israel and Lebanon. About 43% of the total demosponge species known from the Mediterranean are represented in the eastern basin (the Aegean and Levantine Sea) (Voultsiadou 2005) .
Sponge diversity in the Aegean Sea seems to exhibit spatial differences. Kefalas et al. (2003) found a relatively higher demosponge species number and abundance in the circalittoral of some islands of the North Aegean in comparison with southern Aegean areas. Voultsiadou (2005) indicated that the different degrees of exploration in the south and the north part of the Aegean might play a role in the difference in species numbers between the two areas, thus suggesting a thorough analysis of sponge distribution in the various subareas of the Aegean.
Based on the above-mentioned information, the main goal of the present paper is to investigate the pattern of demosponge species distribution in the various subareas of the Aegean and the Levantine Sea in order to test whether there are any differences along the NW-SE gradient. In addition, an attempt was made to evaluate the bathymetric and zoogeographical distribution of sponges in the study area.
Methods
For the purposes of this study, the Aegean Sea was divided into six subareas corresponding to its main geographical divisions (Fig. 1) , on the basis of its geomorphology and bathymetry, according to the data given by various authors (e.g., Valioulis and Krestenitis 1994; Stergiou et al. 1997 ): the northern area (A) separated from the rest of the Aegean by the N. Aegean trough, 1,600 m deep; the central-western area (B) including the Aegean coast of central Greece; the central-eastern area (C) including the Turkish coasts, the Lemnos plateau and the Chios Basin; the south-western area (D) where the Aegean joins the Ionian Sea, including the Cyclades plateau; the area of the Dodecanese Islands (E) where the Aegean joins the Levantine Basin; and the Cretan Sea (F), the deepest Aegean area with a maximum depth of 2,500 m. Areas A, B and C, located north of the 38°constitute the North Aegean, and areas D, E and F constitute the South Aegean. The only two areas of the Levantine Sea studied for their demosponge fauna were additionally considered: the coast of Egypt (G) and the coasts of Israel and Lebanon (H), the former separated from the latter by the Nile Delta.
A variety of papers published on the Aegean and Levantine sponges (taxonomic, faunal and ecological) or general works including relevant information, listed in detail in Voultsiadou (2005) , were studied. Based on this, a species presence/absence matrix was constructed. In addition, a matrix comprising semiquantitative values was prepared, by transforming the original information on the number of collected specimens per species and area (see Maldonado and Uriz 1995) . Semiquantitative values were assigned according to the following criteria: 0=absent species, 1=species recorded once in an area, 2=species recorded with 2-5 specimens, 3=species recorded with 6-10 specimens, 4=species recorded with 11-20 specimens, and 5=species recorded with more than 20 specimens. These two matrices were transformed into triangle matrices using the Bray and Curtis (1957) semimetric distance and were subjected to multivariate analysis (i.e., cluster and multidimensional scaling MDS) (Field et al. 1982) . SIMPER analysis was applied in order to identify the percentage contribution of each species to the overall similarity within areas and the dissimilarity among areas (Clarke and Warwick 1994). The above analyses were performed using PRIMER (Clark and Warwick 1994) .
For the evaluation of the vertical distribution of sponges, depths were recorded for each species in each area of the Aegean Sea according to the literature. Depth distribution of the Levantine species was not analyzed due to the restricted information available. Linear regression analysis (Zar 1999 ) was used to identify relations between number of species and depth; for this analysis, numbers of species were grouped per 20-m depth interval. The depth range of all species occurrences (0-240 m) was further subdivided into 40-m intervals and the matrix species per depth interval was also subjected to multivariate analysis as described above.
Finally, the total of the Aegean and Levantine sponges were assigned to five zoogeographical categories according to their distribution as derived from the relevant literature: endemic species (E) distributed exclusively in the Mediterranean, Atlantic-Mediterranean species (AM) distributed in the Mediterranean and the eastern Atlantic, amphi-Atlantic species (AA) distributed in the Mediterranean and both sides of the Atlantic, Indo-Mediterranean species (IM) distributed in the Mediterranean and the Indo-Pacific, and species with a wide distribution or cosmopolitan species (C) distributed at least in the Atlantic and the Indo-Pacific.
Results
Species number and species abundance (in semiquantitative terms) per area are shown in Appendix. The sponge fauna of the Aegean Sea totals 200 species, 96 (48%) of which occur only in the North Aegean, 34 (17%) only in the South Aegean, and 70 (35%) in both sectors (Table 1) . Eighty-five species have been reported from the Levantine Sea, 32 of which were not found in the Aegean. An estimation of the number of publications existing for each area showed that of a total of 48 publications referring to the Aegean, 31 included data on the sponge fauna of the northern sector and 23 on that of the southern sector (Table 1) . Nine publications concerned the sponges of the Levantine Sea. The number of relevant publications was positively correlated with the number of species known per area (r= 0.902, P< 0.05, n= 8) (Fig. 2) .
The most frequently reported demosponges in both sectors of the Aegean (see Appendix) were the species Agelas oroides, Geodia cydonium, Petrosia ficiformis, Spongia officinalis, Scalarispongia scalaris and Sarcotragus foetidus. Species found in all subareas of the North Aegean, but not reported from the South Aegean are: Halisarca dujardini, Oscarella lobularis, Pachastrella monilifera, Plakortis simplex, Pseudosuberites hyalinus, Stelletta grubii, Suberites carnosus, S. ficus and Ulosa stuposa. The species Chondrilla nucula, Cliona celata and Mycale massa, which are very common in the North Aegean, have been found only once in the South Aegean. The majority of the 37 species found exclusively in the southern sector were reported in only one of the three subareas. Only 20 out of the 85 species recorded in the Levantine Sea occur on the coasts of both Egypt and Israel (see Appendix Table 5 ).
Cluster analysis (Fig. 3a) performed for the semiquantitative data indicated, at a similarity level of 26.5%, two distinct groups of areas: one for the Levantine Sea and another for the Aegean Sea. Furthermore, the Aegean was separated into two groups (similarity 35%): one including the North Aegean subareas and another with the South Aegean subareas. The results of MDS confirmed the above grouping (Fig. 3b) . The application of multivariate analysis on the presence/absence matrix provided the same grouping (results not shown), with the only exception being the Cretan Sea (F), which formed a group by itself within the Aegean Sea group.
The species responsible for the similarity in each of the three groups are shown in Table 2 . Overall, 19 species contributed 50% to the similarity of the North Aegean, each participating with almost similar percentages (from 2.00 to 3.33). In-group similarity of the South Aegean areas was mostly attributed to the participation of three highly contributing species (10.07% each). Dictyoceratida species, i.e., the two common commercial species Spongia officinalis and Hippospongia communis and the species Scalarispongia scalaris and Sarcotragus foetidus are among the eight species contributing 50% to Table 5 ) exhibited a similar participation of the endemic component (30%), but a decrease in the percentage of Atlantic-Mediterranean (46.5%) and an increase in the percentage of cosmopolitan species (17.5%). Four species (4.8%) with an IndoMediterranean distribution also occurred in this area.
The allocation of species to the main orders of the class Demospongiae (Table 3, 4, 5) showed that the richest order, in terms of species number in the Aegean Sea, was Poecilosclerida (24% of the total species) (Table 4) . It should be mentioned that 26 species recorded in the upper sublittoral zone (13% of the total number of Aegean species) were found in submarine semidark or dark caves (Table 4) . Regression analysis (Fig. 4) showed that the number of species was a negative function of depth (r 2 =0.954, P<0.05). Moreover, 116 species (58%) were restricted in one of the three depth zones, 19 species (9.5%) occurred at all depths and 65 species (32.5%) were distributed in two out of the three zones studied. Cluster analysis performed for species presence/absence at 40-m depth intervals ( Fig. 5a ) revealed two distinct groups of depth zones at a similarity level of 27.2%, one of them further separated in two groups (similarity 57.1%). These three groups correspond to the three depth zones of the Mediterranean: sublittoral, circalittoral and bathyal. The results of MDS confirmed the above grouping (Fig. 5b) . In the Levantine, 88% of the species were found in the sublittoral zone (Table 5) . A considerable number of species (22.3%), however, were living in caves.
Discussion
To date, the demosponge fauna of the Aegean Sea, counting up to 200 species, constitutes 37% of the total Mediterranean demosponges (Voultsiadou 2005) . Thus, the Aegean Sea ranks third in the Mediterranean in terms of demosponge diversity, following the western Mediterranean (80%) and the Adriatic (40%), although until recently its sponge fauna was considered underestimated (Pansini et al. 2000) . This scaling agrees with that for the Mediterranean octocorals (Vafidis et al. 1994 ) and amphipods (Stefanidou and Voultsiadou 1995) , but other groups such as decapods (Koukouras et al. 1992) , ascidians (Koukouras et al. 1995) , gastropods (Koutsoubas et al. 1997 ) and polychaetes (Arvanitidis et al. 2002) are represented by higher species numbers in the Aegean than in the Adriatic Sea.
The demosponge fauna known up-to-date from the Aegean and Levantine Sea totals 284 species. A decrease in demosponge species numbers is apparent from the North Aegean to the Levantine Sea. The majority (58.5%) of the species has been found in the North Aegean, 36.6% in the South and 30% in the Levantine basin. This was related to the research effort devoted to the three areas. The same is also true for the bivalve Fig. 4 Regression analysis of depth and number of demosponge species found at 20-m depth intervals in the Aegean Sea species of the Greek seas (Zenetos 1997) . Although further research could possibly reduce the differences in species numbers among areas, the overall picture is not expected to change since it reflects the different conditions prevailing in these areas discussed in detail below. Multivariate analysis indicated a clear separation of the Levantine from the Aegean Sea. The former, which is the oldest part of the Mediterranean, has been described as an extremely stressed environment having high salinities and temperatures, defined by an annual mean isotherm of 20°C and a surface isohaline of 39 ppt (Por 1978) . Its severe oligotrophic conditions have been pointed out in order to explain the impoverished species diversity and the small sizes of the Levantine biota (e.g., Por and Dimentman 1989) . This ''nanism'' was observed in sponge specimens found on the coasts of Egypt (Burton 1936) and Israel (Le´vi 1956 ). Spicules of smaller size were observed by Carteron (2002) in demosponges from the Lebanon coast, in comparison to specimens from the western Mediterranean. Furthermore, the Levantine fauna has been recently receiving the influence of the Lessepsian migration phenomenon (Por and Dimentman 1989) , which is also reflected in its sponge diversity (see below).
The Aegean Sea was further separated into two groups, one for the North Aegean and another for the South Aegean, by multivariate analysis. This grouping is again consistent with the differences in the geographical, physical, chemical and biological characteristics of the two areas. The North Aegean coasts are in their greatest length continental and receive high river inflow amounts, while the South Aegean ones include open areas and a plethora of islands. Moreover, the North Aegean is subjected to the strong influence of the low-salinity and cooler Black Sea water and has, in comparison to the South Aegean, lower temperature and salinity values, but higher phytoplankton concentration, chlorophyll a and PLP (phytoplankton-like pigments) values as well as higher zooplankton abundance comparable to that of other Mediterranean regions (Valioulis and Krestenitis 1994; Stergiou et al. 1997, etc.) . On the other hand, the South Aegean receives the salty Levantine Intermediate Water, carrying a limited supply of nutrients and is generally characterized as one of the most oligotrophic parts of the Mediterranean Sea (Valioulis and Krestenitis 1994; Stergiou et al. 1997; Psarra et al. 2000, etc.) . Such a differentiation agrees with Bianchi and Morri (2000) who, discussing the Mediterranean marine biodiversity, distinguish the North Aegean as one of the ten biogeographical sectors of the Mediterranean Sea and include the South Aegean in one sector along with the Levantine Basin. The above authors observed a significant qualitative impoverishment of benthos in the South Aegean (Bianchi and Morri 1983) . The effect of nutrient availability on the differences in composition and diversity of benthic communities between continental margins and oceanic islands in tropical areas has been shown by various authors according to Taylor (1997) . Dissimilarity between North and South Aegean island coasts on the basis of a 64 sponge species presence/absence has been previously calculated (Kefalas et al. 2003) , while no differentiation in bivalve diversity was found corresponding to a geographical pattern (Zenetos 1997) . Sponges, as sessile filter feeding organisms, strongly reflect differences in the abiotic environment and are considered as live indicators of environmental characteristics (Carballo et al. 1996) .
The observed dissimilarity between the two sectors of the Aegean has been attributed to a large number of species appearing very frequently in the northern sector, while being absent or present in only low frequencies in the southern sector. The impoverishment of the South Aegean was further supported by the fact that its ingroup similarity was the result of the contribution of a small number of very common and widely distributed or commercial Mediterranean species. The same was true for the Levantine where, additionally, four Lessepsian migrants (Cinachyrella australiensis, Geodia micropunctata, Lissodendoryx schmidti and Hyrtios erecta) contributed, of which Cinachyrella australiensis was among the first six highly contributing species.
The analysis of the distribution of the zoogeographical categories showed that most of the species occurring in the Aegean and the Levantine Sea were AtlantoMediterranean, followed by the endemics, the cosmopolitan and the few amphi-Atlantic species. This ranking disagrees with that given for the Mediterranean demo- Pansini (1992) who calculated a composition of 45.7% endemics, 38% Atlantic-Mediterranean and 10% cosmopolitan species. These percentages stand, more or less, for the western Mediterranean demosponges since 80% of the Mediterranean species have been found in this area (Pansini 1996) , an area that supports the most ''typical'' Mediterranean fauna . One possible reason for the reduced number of endemic sponges recorded in the Aegean up-to-date is the lack of research in deep waters and special habitats (e.g., caves). Two of the recently described species, Coscinoderma sporadense and Hemiasterella aristoteliana (Voultsiadou and van Soest 1991), were found in semidark caves of the North Aegean. Pansini (1992) indicated that research in waters deeper than 100 m increased the number of the known endemic sponges in the western Mediterranean during 1980. On the other hand, recent works (e.g., Carballo et al. 1997) suggest that some species previously characterized as Mediterranean endemics, should be considered Atlantic-Mediterranean, thus decreasing the endemic component. Above all, it is possible that sponges follow the general west-east gradient of the endemic species numbers in the Mediterranean: 77.5% of the total in the Western Mediterranean, 34.6% in the Adriatic Sea and 22.5% in the Eastern Mediterranean (Fredj et al. 1992 ). This gradient was evident from the comparison of zoogeographical categories in the Aegean and the Levantine. The stressing conditions and their lability over short time-spans did not allow for speciation in this eastern part of the Mediterranean (Por and Dimentman 1989) . Various invertebrate groups demonstrate this trend of decreasing endemism in the Mediterranean from west to east (Koukouras et al. 2001 ). However, Arvanitidis et al. (2002) did not find differences in the distribution of the zoogeographical categories of polychaetes among the Mediterranean areas. It is worth mentioning that none of the four Indo-Mediterranean species that entered the Levantine basin as lessepsian migrants (Tsurnamal 1969b) have been up-to-now found in the Aegean Sea. The very high contribution of the Atlantic-Mediterranean component in the Aegean and the Levantine confirms that the exchange of faunal elements between the Atlantic and the Mediterranean extends to the eastern part of the latter (Pansini 1992; Koukouras et al. 2001 ). The various zoogeographical categories do not seem to exhibit important differences in the two sectors of the Aegean possibly due to the small size of this area.
The ordinal distribution of demosponges in the three study areas indicated a NW-SE gradient, which is in accordance with the general aspect that sponges with skeletons rich in spongin are well distributed in warm waters, being replaced at high latitudes or deeper waters by sponges with siliceous skeletons (Vacelet 1988) . The preference of keratose sponges for shallow and warm habitats has been attributed to the inhibition of their larval dispersal and settlement success by the decrease in temperature (Maldonado and Young 1996) . Out of the 56 genera recorded in the Levantine (Table 5) , two (Gastrophanella and Microscleroderma) have a tropical distribution (Perez et al. 2004 ), while at least 32 (e.g., Agelas, Alectona Chelonaplysilla, Chondrilla, Chondrosia, Didiscus, Erylus, Spongia) have a distinct tropicalsubtropical diversity center, lacking or rare in cold water areas (estimated according to van Soest 1994 ).
An estimation of demosponge diversity at the order level from two species lists, one for the Italian coasts (Pansini 1995) and another for the European coasts (van Soest 2001), given in Table 3 , permitted a comparison with the Aegean and Levantine data: Poecilosclerida, the most diverse of all poriferan orders, both in species numbers and in morphology (Hooper and van Soest 2002) , demonstrates an obvious gradual decrease in species numbers from NW to SE. This decrease may possibly be attributed to the fact that major families and genera of this order such as Myxillidae, Crellidae, Raspaillidae, Mycale, Tedania, Hymedesmia Phorbas, Clathria (van Soest 1994, etc.), show a distinct diversity center in cold and deep waters or have a worldwide distribution. On the other hand, an increasing tendency in the contribution of the orders Dictyoceratida, Halichondrida, and Homosclerophorida is observed. These orders are highly represented in the Mediterranean by genera or families such as Ircinia, Dysidea, Spongiidae, Acanthella, Axinella, Myrmekioderma, Plakina, Corticium, mostly distributed in warm temperate or tropical environments (van Soest 1994) .
Multivariate analysis of the bathymetric distribution of the Aegean sponges showed a clear distinction of the three depth zones: sublittoral, circalittoral and bathyal. The number of species was negatively correlated with depth, partly reflecting the intense research activities in the shallow waters of this area and the poor knowledge of the deeper waters (Pansini 1992) . It is generally accepted that in the western Mediterranean, the richest zone in demosponges is the circalittoral (Vacelet 1988; Maldonado and Uriz 1995) . Many of the sciaphilic species of this zone, however, also live in dark sites of the shallow sublittoral (Posidonia rhizomes, algae, rock crevices, caves, etc.), a very common case in the Aegean Sea. Demosponge distribution in the sublittoral zone has been connected to the level of direct solar irradiance and the algal competition, rather than to depth (Uriz et al. 1992; Pansini 1997) . Moreover, Maldonado and Uriz (1995) showed that outside the Mediterranean, in the Azores and the Canary Islands, the medium sublittoral zone exhibits maximal species richness, whereas faunal impoverishment occurs in the lower sublittoral and circalittoral levels. The above authors claim that the general pattern of biotic affinity is determined predominantly by horizontal (geographic) distances while the role of vertical distance (bathymetry) is much less significant. Table 5 List of demosponge species reported from the Levantine Sea (sources : Burton 1936; Levi 1957; Tsurnamal 1967 Tsurnamal , 1969a Tsurnamal , 1969b Ilan et al. 1994; Muricky et al. 1998; Carteron 2002; Perez et al. 2004 (Vacelet, 1959) 0 0 4 1 1 2 2-110 AM Number of specimens per species in each area were transformed into semiquantitative values as follows: 0 absent species, 1 species recorded once in an area, 2 species recorded with 2-5 specimens, 3 species recorded with 6-10 specimens, 4 species recorded with 11-20 specimens and 5 species recorded with more than 20 specimens. Depth is presented in m (* = species found in caves). ZC zoogeographical category: AM Atlantic-Mediterranean, C cosmopolitan, E endemic, AA amphi-Atlantic species Table 4) 
